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I     ABSTRACT 
A  smcbine  wa*  design^  constructed   that  was 

Intended   to  deiivei    an   i  loaA 

on  a  tensile  specimen  at  speed?  wai 
ft.  second.      Instrumentation,   usln.  c© 

In  £agee  was  set     r    to  measure  and  rec< 
r  versus   tine   at    tr-o    joints  on   the   sample 
durln*,   the  period  iroen  was  tested 

at   67  fps  with   this   arrangement.      two   other   a* eel sens 
were  te?te<  i  instrumentation  at  132  and  139 

ion£%tion  and  redaction  of  area  data  *ere 
red  with   static  values.  est  veloci 

element  of   the  aa&chlne  failed  ae 
an  testin    .      fte  -53    furth 

Tio  f   machine  »n1   insti  nation  ara 

necessary  before  --scale  Investigations  can  he 

under t  t^sts  on   2S     aluainuEi  nhowed 

increas  utility     and  .n  of  area 

increased   speed   in  n   heyon-'    crlt  -peed   onntr 

usually  ted   tfceo 
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1.      develop  a  ing  * 

tensile  r  velocit.    ithin  the  lixits 

Of  IOC  e-. 

ten  el  It  ties  c  ninuoa 

ier  high  velocity  i  condition:  eans  of 

an  electrical    sir  e  directly  attached   to    I 

in   the   vicinity  of  frnctire   and   by  comparison 
of   elcn^ation  and  reduction  of  area  at  various 
velocities. 
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«  •▼€!-  ieaan  I   and  more 

speed  in   the  i  nslatory  devices  of   a 

modern   techno lo,  .    that  Is  reaching  for   the   la 

ion  o-  "eased    effici*  at,    in  the  is    t 

decade,    confrontec  ners  and   engineers  with   U-e 

problem  of  Aealg&ln      for   i  I    at  high  velocities. 

Ad  blera  insofar  as   strength  alone  is 

concerned   can  be   eircuravented  i  on 

of  very  arbit;  safety  f actors  and    this,    in  general, 

has  be  Li  for  c   str  ss.         .^e  are 

certain  fields.    *+**▼*?•   in  vhich  the  rewards  accruing 
to   a  superior  di  takes  fullest  advants 

of   the    t  stren  • terial*   in  us# 

are  so  rich  that  the   principle!  si  is 

can  no   longer   be  overlooked,  is  is  aost   true  in 

applications  is   ar  r1    n.t  factor 

merely  fcttenln  1   section   cannot  replace  a 

thorough  and   logical,  stress  8J  .  nance 

equipment  of  projectiles  and 

launc  ; ures,    aircraft  elements,    blast-proof 

designs,    and  cations  in  a  yet  unpredictable   f.tomlc 

t   he   11:  If 
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Id   be  most  affected  by  a  Cc  te  exposition 

Lffe  seloeil  i,   resulting, 

it  t  reasonably  be   i  ted*    in  de?i*ns  of 

her  oXfici  reater  eeonoray. 

lor  to   elH  ,   wary   little  was  known 

of  or   of  m<  Telocity 

at   that   1  .      '.  rried    ov;t   a 

series  of  tests^  1  J    the  field  and 

_nte3  -9  of   the  funda- 

mental >ry   underlying  the    phenomena  observ 

It  may  be   said  that   *  ct 

as  a  legitimate  anal^ti^  of  materir-. . 

theory  case  «3  e  reeding  in  a  pa: 

by   Theodore  Von  Karj&an   before  the  Hatloasl    vcadewy 
of   Science,    Hvn   V  'i£&ll£  formation 

'ftHfl.8*      .      In  whlcb   was  i*  na  lysis 

eoratiaal  basin  for  the  be]  tarli 

velocity  impact,        duet   1  1 

vTe  been   carried  o  have 

rt&ntlated  in   some  ways  von  Kartnan'e  *ed 

theory,    and  in  Its  emended  form  It  ay  as 

rity  upon  the  new  study  Is   b*s< 

It  does  i  •   itself  gift  the  answers.      Just  as  the 

theory  of  elasticity  does  not    solve  all   static  design 
oblsna,    toe   Ton   Karman  work  is  clearly  limited    by 
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aeeuaptions  and   non-  .It   will, 

,    F«rvf>  ar  a  weleoi  m 

inv  ace  future 

into  p-ore   ene~ 


stress  in  a   aerci-infinite  bar  with  one  end   fixed 

;  'illy  ny 

Telocity   VQ    car*   be  i        from   t  »lio«i&£  relation- 

al 

C  ---•   v0t  «    £.1   ■    e.    . 
wfcera      e   *  tot&l  n 

VQ  *  Yeloeit     .■■!'   and   ol 

1     ■  time  vsloeit.  an 

£    ■  unit   etr  n   bar 

*  It*      i    streinec       f  bar 

rers  wave  has  progresa  in  time  t. 


c  «*  veloci      atrese  wara  •  IK  « 

Je    ■ 


'»4nl"s 


o  ■  ^ 


stress  in  nart  ■  (j"   £. 

■MBB 


'      '      about   19 
of  •       ;   of  rat 

Q3~~      as  a 

-.e  lor  &  to  de  t  ic  region  of  the 

stress  str  rye.  >>©n  follows  t  e  y*I 

of  trie  plastic  stress  were  becomes. 


v.. 


J 


ley 


So   for   the   same  ease  as  above  in   both   el^rtic   and 
plastic  ranges 

C    ■  J    Vfe.  Ml 

vQt  -  t  •     /  vfc.  fc 


ro  -     Jvt. 


V,  i 


£      is  assigned  ue  co  ■  i 

the   strain  at  w*  ••,    ^»t    the 

required   impact  se  ab  lure 

at   the  moving  end  may   be  od. 

^lv*  strain   curve  far  Lml# 

of   t  in   be  sis 


-•/.- 


.vie  V       1-  ritical  re  tjr- 

t   vel  *t 

the  e  stream  stle 

deformation   will    tafc^  it. 

ilure   in  s*dly    r 

lo*  absorption  of  ener/ry  a*  L    eleagatlg    . 

It  lr  that  •  Vft  a?  applied 

to   the  encL   of  the  bar  Is  assumed    con  ^y 

be  attained   in  any  manner  till   canse  failure 

thou#h,in   the  essive  ease,    plastic  strains 

may  be  found   in   rer  oved  frosi   the   end. 

1  above  discussion  al«  ly 

abbreviated,   nresenta   the  princi  lata  of   the 

#er  ad    theory  ^overninr   tXfr>   veloei' 

impact.  paper  presents  in  of 

reaalta,  aa     applleatldi  el  the  ^ritic-i   raloeitjr 
concent   to   the  material  be;  stad. 

In   sr-  for    th*si:    mark,    I 

rs  decided  '   be  1 

forward   to  hare  ara-  e  at   I  itute,   a 

machine  Telocity  lrrnmct  investi    ^tions 

t  ure  m  ■«  s  are 

7  few  snch  machines  in  eri stench,      it  was 
that    *ork   would  be   completed  1  e  to  allow 
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•ample  tests  of 

I    be   obtained   i'roni 
thr    . 

yelo  Jnt 

dett.'  x    stress  i  in  in 

s  elastic  and  plastie  ranges  of   samples  subjected 
ressive,    b*  1 onal 

force  be   a  -labia  undf 

It  was  decided   t  ;ct  t>        .    lect  to 

tensile   tests   applied    to    conventional    tensile 
specimens,    to   B#asure    strain  at   sevci  ints 

on    the   t]  ,  to    confine  instrumentation 

to   thsitx:  ed   for   I  ln,r   strain  versus   time, 

implies  neglecting  energy  of  fracture,    a 
ob&:  .istic   at  oat  itiportaot  in   the 

ventl,  and   1zq&   tests*        o   >v 

a  prei  study  of   rori:   performed  on   the 

subject  indicates  beyond  reason  ble  doubt   that 
at  relatively  low  velocities   t-^e  energy  absorbed 
by  the   specimen  approaches   aero. 

i  s  Yeloci  e, 

it  was  deel  r<gy  as  indicative  of 

ties  and   to  concentrate  efforts 
a   study  of  luctlllt  ress.    and   strain   distribution 

In   the   specimen. 


- 

material  us*;  ill  of  >sts  was 

2S     a-  It  was  receiwed   as  J"  Alamat 

sal1   --v..  ;•  •   •  nd   was   £*i'^e..ir;ti;"  machined    lo   t  ^e 
.wn  Xi  i) .  • oimane   shown 

ends  were  used  for   stati  ^ts 

ort   ends  for   t  vnamlc    tests. 

?    static   t^sts  wsrs  wade   using  a  Rishle, 
lb.    eapatlty) ,    loading  machine  for  measuring 
load  and  an  lectric  strain  . 

measuring   the    strain.       I   stress   fa.         rain   curve 
was  plotted  an^    the   physical  characteri 

mate  as   shorn   in  .re   (6). 

■  materialise  found   to  bare  the   following 
characteristics  under  nsi 

1.    iield   stri  orroanent   sat  of   .0002  /„  *  el 

ats  stT<  of         18,  si 

of 
4.    /»  '-ed actio  area  oi   81. 

-us  of  elasticity  of    9  .33  *   10 
was  firrt   thou/ht   that 
best   be  a   plied    tc  <*>«   it 

is  in  r>  res  )btain>.ble   in 

rco*t    Si  .it    MM    MH    if      niw4     ''•   t    -  :p    to     the 


ty  hi;  of  steel  it  eat  neccssr. 

to  *ake  :ne  m  n  It 

r  i  t  v 

witr.  lover  at: 

L»  sties  rere    1  1   ft 8  a  aateri 

t    it   *ft«*   learn  e<3 
data   that  I   be  obt  from   st7 

LJ    ited.  e  is  true  since  the  electric 

strai'  only  capable  of  n^  atra* 

to  a  cer taiii   limit,   at   rhich  tin.e  it  will  either 
break  or  the  bond  be trees   t  and  material  Till 

•rate.  In  min^,    it   rill   bf  le 

to   see   tl  a  material  such  as  plastic  witb  a 

rery   1  elasticity  J  I    it   would   be 

possible  to  reach  the   limit  of   the    at-  e  and 

still  be  rell   belov  the  elast  t  of  t  rial, 

rear  sties  rare  not  - s  a  materi 

■■■-  tests  it  se«e+d   ad  Ti  sable  that  the 

results   %t   the   tests   sh-  i    dsta  pert  \o 

r-avlor   of  t 
as  fax    beyond  as   t  ■         t. 

was  felt    that   use  of  2S  rom  represented   a 

compromise   between    that   n    steel  and    pis 

t  it   wo'ild   yield    the  desired    type  of  data   wit 
re<i  s  piece  of   te»ti» 


e   eel-  *A 

tor  d  specimen  r> 

s. 

W*|  t    Bade    that    t  08 

follo^ir ■■'  flee 

•ft.jte  g]  jJL  3JJ  la 

of  100  fpr 

it,  qJL  1l  .in* 

was  belle v  is  manner 

iy  be 
*red    to  well   est  terlal 

tetlo  lo  one. 

.12.  In  desl^  •  as  necettar  ce 

shop  fad  1  in.  not  deal 

• 

t. 

'Jig.  B?a9ff- 
y-e»ent  vas  neceesar     In 

•  t.*  chine  «ay  fee  trfvnr 

eteesbled  wit  n«*s  of  the  lal  >ry, 

e  of  <*l<1er?Uon   wr 

as  folio* 

a)  Pr«)i  >lle4   by  an   e 

b)  iroj^ctil  *eed  air  at  thorn 

In    figure    (2). 
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«1 

a  8    Sh  >WT>    i 

d)  •  1    n&.  ,.x    a .   - 

sr   as  . 

aeral   the    I 
d  Jec^  .ot 

ilf   veil  nsion   loa^..  tnce   t*.e  impact 

:*,  t    be 
anc".  the   sa&e  path  as  the  ^o^ln^  projectile, 

tafre  of  -  <$  a  c 

etveen   tho  point  o.  ct  1>  nl   the 

rdmen ,  fur  thai  t  Introduce!   tne 

sibii  i  eentric 

it    met  be   ec  in   r  it  j  -e 

encur-  osaeee  adequate   break 

velocities  an  i   e  saae  tlce  be  small  enough  to 

penult  itr  bei  *>lle<i   to   (fee   algher  vrioclU:*   nslftf 

r    ease  a'  >'^r  f'vcill 

is  tttfgep  :*t   a  tile   must  be   used   for 

rg  ra&ere  ot   ?elocl  I 

atue.      *~  ot 

a  r  f  -It 

eaa  rhen  viewing 

•pee 
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degree  of   accuracy  uain*?  an   e      I  els 

refore, 
this     et.  cd  *a*  discarded   as   a  possible   choi 

0  met.  ssed   i    • 

in    letai  kt        I  fou  t   tn*   machine  rould  be 

too   large  and  woulA  r  e  waj 

-else  machine  ?ork  in   otJMM        I 
fabrication  of   the   cylinder  an  1  air    se 

The  method    ai  rojectiic  prooelled  from  a 

rotati-  l  was  discarded   because   the  ball 

projectile  nai    to   be  a-  ro>i»ateljr  lfc  inches  In 
diameter   to   obtain   the  deeired    etriki  "hich 

requires  an  excessively   large  specimen,    wheel. 
race  and  driving  trotor. 

It  was  finally  decided    that   the   rotating 
dcrice   usln£  a  fork'  ,    (as  shen  in   Fitur 

wae  the  aethod   of   all  ^idered  best 

suited    t  tailed  rtesipn   calculations 

icated   that  it  could   be  made      in     one  small 
coepact   unit,    it   co  -v  made  with   a  minim^r  of 

e   tools*    and   possess  s   di*t 

features  of   ha  ring  very  good   speed  control   and   bein£ 
capable  of    lo  "citr.en   in    t  n.      4   si'.  rle 

anc  ct   co 

-1 


be    de> 

■     t     i 

1  IB     (;  Of      t 

-w  from 
• 

e  design  o  *d 

was   oasex.  on  y 

fti  t   mot  • 

>eed    control.  •  was  available 

bad  o   r  i-an^e 

»o   it  was  decided  sed.      Sfclt   choice 

bf.  the  diameter  of   t  -    '         and, 

a  use  i  e 

Iwe&B  1* 

cent*  ct   oquel   I  inches,      the    linear 

rele  tloi  • 

aewbrr  and   the    i  amner  was  then; 

s   per  Vinut  *o 

to   on*        Her  co^  bct*r 

rotating  mewber  sllorred   a  possible   velocity  ran 
of      9.  to   I 

•  apparatus   i  3  Ho  I  wae 

devi  thfl    r  ■   from   the 

stand-  liclty    in   oneratlon   and    co  in. 

It   consisted    to  a  ?  '    ..if  rail    steel   tali  i$n 
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«nieh  slide. 

:>r   releai  I  ;nmer      consisted 

a   ring  I  o 

•  hansier  as   i  -to£"r: 

Is   ilng   was  made 
a   t  n  in 

the 

was  made,    the  ro  jreed 

release 
haisaer.      The  haiurer   was   to  *d   by 

force  rIoj  axis  of   the   tube  an  til 

it  was   s  rearing  against  the  end 

©f  the  slot  in   t  forked  en4  of  the 

b&ainer  was   then   in  a  position   to   cle^r   the  sper 

ie  imp*  3  inf 

it  was  desired.  »f   the    tube  was 

vided    with  a  means  of  balancing  entire  r 

I  oovable  weight  w*  ^sa 

was  actuated  by  sere-  nrorided  rith 

a   look   scr<  was   ' 

and   was  actuated    by   i  m   in 

obleci  of  how  t  ^est   be 

hei  ositlon  for   stTi  erestln;;  si 

ence  with   ths  i    the   banner  was   solwed 
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o  er 

iTltr  lot    Ti  ' 

* 

made  as  sv:^wn  in   ->hot 

striki  ]   be  transr 

to  the  r  thus  ell 

poc^lbilit     of   i  »  at  t 

It   seersed   fcflvir  ?e  a   sr-*>.ll  ir.l 

load  on  the   r?  orde<  it  mi  '^e 

properly   s'  ~lder  1  !n    ' 

;s  was  a<"  •sins  of  a  «  ed 

bell  cr-  either  side  of  the  tur>  as  showi   J 

" 
s  ~ot-  *  ba  was  lreye 

was  ■  eiri?  to  a  1  1/4      .    . ; 

T>   to    MM  Ifll  D.0.    motor  -  th 

l  tcv  ■  if    srmttzre   speed   aaatrol*  ,;  driv*  le 

betreen   the  tr«attcra  sr*ft 

"Y*   belt  driwe   "1th   i  1  fr 

the  motor  1  t.      The  dir»  ley 

ratio  was  reversed  at  the   lover   «c*e 

line •    as  o* 
had  be«n   c<  was  then   snbjec*  Tiea 

of  tests  t( 
binder  o^err*  "    nt. 

-1 


e  was  first   tested   to   investigate 
•sates  *  of  oiseltfBsient  and  deat  ive 

■atio-  irst  drivin 

Bachlne    f  ir>crea -  ing 

•>d  iip   to   1COO    RW  .  of    t 

machine's  response   to  ase   in   speed   and   , 

in         .    rities  that  i  .  ved 

was  properly  ned   ar  t   the 

■ed   wo  11  eno^ur.   to  reduce 
troublesome  vibrations. 

s   second  was  siade  In  order  to 

de-  the   tripping  mechanists  and   the  hamioer 

stand   up  under  lion.  is  test  a- 

peated   four  tines  at   low  speed  ran* .  etween   25C 

re  r?ere  no        eel  S4  dur 

tea*  test  4-  one 

ical   weakness  i?  in    this  of 

machine;    namely*  that    t  n  holdl?.  in 

.ce  in  the  tohe  e  made 

be  *ade  from  a  hi  •   tool   steel. 

was  used  was  made  from  IOmeter  drill  rod, 

was  subject  to  bending  rher  aaaaer  was 

at  a  speed  of  It  was  also   learned  thet  the 

rin*    whlcb  holds   the  *e  and  which   trips 

the  hamner  was  not  able   to   •-!  thr  Low 

inparted   to  It   rhen  was  released. 
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It  was  somewhat  distorted   in   the  area  aro^md   the 

an  slot  -Rhera  t  If 

against  the  pin.    The   acre*  k    **s 

placed  in    the    t be   in   such  a  manner   that   it   i 

bea/  inst    tha   tenereri  It  was 

believe!   thr*t    the  s  id  wedge   itself  between 

w  and  the  welded   « 
thus  prev 

™    Sti  raw    WSS    to 

further   aerv*  na  of   se<  be  ring  in  a 

position   hfter   i  in   order   that  it   wouldn't    cpin 

around   and   engage   the  t]  ;er  again. 

After   construction  machine  had   been 

completed,    it  had  virtually  the  ease  as  described 

above  with   ei  .cation?.      fk§  hammer  an 

were  rebuilt  in  ■  manner   tho.t   the  weight  of  the 

haow.er   was  -ad  by  ah  and   the   cross   sectional 

area  of  the  iftl  increased  by    i7    .  ;n  was 

made  from   SAK  4160   steel,    was  soaked   for  2  hours 
!•*••?!  ed   in  water  and   tempered 

for  i  e.  «  bam  i    tup   *ere  made  fr 

SAE  104(5   soaked  ours  at   ]    7  ied 

oil  end  tempered  at  400%F  for  two    I  >al 

ahepa  of   the  hawser  a:  is  ae   shown   in   Figure   (6). 

The 'ring  was  not  rebuilt  because  it    co»ld   be  made  to 
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it  Was  80««WV 

distorted  as  a  result  or  ?eries  of 

trial  run a.   The  machine  ems  for  t 

al  teat  wit  ee,  t   — — - 

gages  aounteo,     connected  to  related 
instruments. 


I 
evise  a  n- 

time  i 

on   t 
ges  are  niy  ^es  i  ne 

onse  required   to  accurate! 
te   8tr  ^  .hat  occur   in 

e  measured  in  r.icio-  seconds. 
r  •xju  b,   a  moderate  lor 

te,    assus-in.    ins  ed 

of  the    socciroen  vith   a  1"  gage  le 
it   ffould   recuir«-     .  i^ro-seconds  for  v 

1mm  ear^le  to   exceed  its  yield  strain. 
iftl   time  required   is  of"   r  »ally 

'    nov  o  one  knows. ) 

types  a  rlc  gages   in   use 

real  type  was   sel  coa- 

t!ie»»»    *  ■     .  Ut/.    *nd   aTail- 

*M111  ige  va8  selected  as  the 

shortest   (1 

I  ted    to   dynara1  .     r>l  a 

receive    * 
ie  gage   signal    t  he   unbalanced   yoltag* 


of  a    Vhestston^ 

increas*  ,  3   * 

-  .    -  3 rd 

•  5. 

itr#    sir. 

•    of    I  8, 

*&b    used   to   taV  e   of   t 

. 
corrtr.    jaded   t 

Le   each  inch   coi  I  .  J4 

.iiseconds.      A  <-.e*lett- 

.io   jdt.-iiiier  was  use--  a   timi  /e 

in*  ism  tax  a-,  e  set- 

aa  final ly  use 
) . 
ic   syr  os^ire 

and   specimen  re  was  a  probj 

aolre-  .voided  A  a 

camera  shu 

r. 
Lng  of   bridge   circuits  wr 
and  found  to   be  necessary  r  s  as   * 

Lfted  oi  e. 


was  calibrated   electrically 
by 

train  #age  anc  t  of   t 

. 
,ical   gtsim  1  ter  was 

use  oasme  rotational    speed  oj 

upon  the  i  n*r  beam   was  mounted   t 

Og   sti  velocities. 

e  imp  the  instrument    I 

was  the  application  of   tne  strai  erectly 

to  the  sample  at  tne  forw&j  rear   ends  of  t 

,  ) .      It  had 
been    I  .    .0  raount  the  ga&es 

an  adjacent   -ec  shlen  transruitted   the  impact 

eel men.  s   practice   saved    it 

rfages  and  >ad  being  applied   to 

of   the   specimen ,  ve  no   indie 

of   tne   strain  ano    stress  distribution  during  ire  -ct 

9   specimen   ltsex  rns  0  relative 

to  t  load  ap^iir  .  was  hoped   that 

••t  measurement  of   strain-time   curves  of  poi 

.  3e  a  basis   for  annlysi  s 
r  -ideal  lrcract.      a  -fl  f*e^;e  was  mo 

e   hol<3er   of   the  fixed    en-*,   of  the    1  an 

efiort   1  a 

an1*"  r  ted  gages* 


v.es  were   e 
sample   I* 
were  oounted  in   toe   tUT?  an  Lder. 

ting 
soldered    connection a    to    shiei  :*»ads.    taking 

i   leads   rare   clear 
3,  e   circuit*  «  ier 

p.e  and  amplitude  adjustments  at  lor*' 

att  r   set  ind  workln 

setting  so  >«  eq  iun   current  was 

flo 

nil  ^ra^e  cl  wer*  i  known 

resistance  rws  of  eif»ro-  a?  are. 

»lwanosie<  «am  deflection.  5 

galvanometer  in^^t  resistance. 

6.  Wi  nera  motor  ape*  ng  wave 
was  recorded   by  use  of  tre  itrml. 

7.  Ira?  '. ne  was   started  and   brov 

desired   spe^^  60  WP*  as  indicate  ST 

armature   speed   control  on  motor. 
**    2  was  us--  lse  the  motor  fi 

a  Kotor-f ener^ tor   converter    r 

8.  Lamp  v  on  oscill  as   set   to  ^aximtm 


value,    eaiaera   s 

relet  it  was   tr  .  iate 

imp;  ow,    and  earner  *<!• 

eai  done  In  succession  r  y  ae 

.     I     tap   VO  i  *£  •  ^« 

ra^e  len,  reduc  measured. 

Temper  oped 

an 


• 
all   b  *sts  was  observed   and 

the   toll:  ;ffse«8  were 

exist: 
i .       hr    pj  li   a*oui 

Ldes  alonft  4  in   the    tube 

was   subject   to   a  brittle  fractvre   close  to 
the  center.  :  l\ire   to  \f  at  the 

•t  testing  Telor*  f  fps*      Hm 

fracture  took  place  c  lnt  whero  a  small 

LitTSd 
is  weakness  fas  !y  a   I  fully 

hardenir.  n. 

was  subject  to  distortl~ 
during  erery  tr*rt.  Ls  weakness  Is   Plainly 

a  result  o 

>r  der  The   r   0  ed   was 

not  o  'e  nor  was  aade  to   sufi 

large  diaei  3.      The  v  re  of  ~'s 

makes  a  rati  exceed 

di  t. 

The  location  s   tri  ;er  was 
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such 

position   ?.i  the 

erore  r  ^te  revo 

■  ice   ti  ">e   gee n   when 

the   specimen  was  Inspected,    since   larfre  rrrks 
were    f  end  o     ed 

into    the  specimen  as  a  result   of   M 

is   is   also   ev: 
hie  oscillo< -ri  pi  J) , 

by   the   small   undulating   tie**  .03 

in  *a  e  as  if  the   specimen   were  snd 

allo*c  t   its  own  vibr  be 

noted   tnat  this   trace  is  the   ease  el 

receiver*  I   from  the 

•:  .  •  r,  on    the    r''  ffi-'-'i,  irregularity  was  a 

desi  *el  1 

hare  been  placed  b*=>  to   *void    tM  s  difficulty, 

e  assenply  which  was  subject   tc  t 

velocity  caused  Le   noise   due   to 

wind  resistance  and   it  was  it    the  cotor^ 

•peed  wasn't   very   sensitive   1 

speeds  due   to   t>is  heavy  load   iro^prted   to   It, 

belie v<»*    that   tv  e   ] 
largely  responsible  for   tKe   rind   t  on  en  -red. 


- 


hare  be*  it  tie 

rter. 
The         -  : »en  was   rubject   to 

sorce  ng  at  the  Telocity  Iffpt     oostly 

due   to    the   bio*  It  received   .  t   was  ct 

cotton   waste  and  ray    . 
abo  inches  deep,   wasn't  dee:  to 

■ 
ends  of   the  the   tube  and 

t— OT  were   subject   to  a  snail  at  of 

et  as  a  rer  Impact.  when 

the   a&ramer  was   t  t. 

been  Kini»l«eA  by  providing   a  cushion  at  the  end 

7,  ort   channel    to   whi 

was  at  d  ^as   subjected   to   acre  lateral   thrust 

than   was   anticipated  due   to    tl  »    ring*     »o  resent 
about  tube.  nnel   was  forced  outward 

enou- n    to    c-   -re   some  clearance   between    t 

lers  on   the  drlviii  be  bearing  race. 

3  Is   serious  because  the  tube  assembly 
•owe  far   enovh  in  a   lateral  direr  eaue<- 

en  holder   to   be  ik  by  the  hammer. 

8.  I  t 
was  not  pr  t                ,ry  as  eridene*d  by 

al  impressed  e  rer 

graph  K),      Fully  shl*:  leads  were 
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used   and   all    lnstruim  uiedt 

Is   f-  -In 

leads  were  excessively  1 

Is 
not  a   fH'  1    sir 

cau.«*ri  oV'*-r«e  e    zero    and   open  it 

liner  It   was  necec  •   to 

inabiiii  Revise  &.   satisf  synchronic  ng 

method  i  «*  exposure  In   t-  owed. 

»  r-ToltsJfe  o  oscillojt'- 

may  have  been   the   can?*  •  faint 

■  ed   on    -  ■  was  due   to   a   shorted 

raeo5t*  %  for  1 

no    srare  was  aVRilabl*. 
11.      fhc   timing  wave  f&ile 

rec  I   width   of    the   film  b>  '         Less   V 

ant,  i.      It  was  believe?  r'ilm  would 

record    the   full    l<-n,nh  of  the   visual    screen,    en 
8   1  i.   wherea?  it  actually  e  over 

5/4  inches  at   ths  left  end  of    the   screen. 
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**)  verea 

desired                                e   los  ocitlee 
189   fa* 

»d   a  pfeotofrtphl* 

-cc  or   stroin  :en   before 

?P3  as   |  eteftt 

redur  ,f  area  at  vario 

velocities   i0r  belowj 


(«♦     oto. 

1 

lo        g) 

Mature 

of  r     r© 

0 

(static) 
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57 
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0. 


is  a 
reoord  o  *t  67  fps.      Traces 

-,    B  -ire  the   zei  ions   c  ard 

i  ear  gagas  tac -anted    i 
gage  aounted  on   ttke  holder,    r?3pr  cti7el.  . 

arid  te   the   i  o  sit  ion  of 

A  aa         after  r  was 

still  opt    ,  faint   trace  can   be  seen  of   t 

18'  bean*  A  i  Is  or:  > si  lion 

posit i  m  ware   e  *ed   upon   traces 

is  50  e  bridge-exciting 

oscillator.      The  t  wave  was  of.:  *ilm 

the  ri#ht  and  v  tare 

Tiargln  of   thr  ,ad  been  realized 

t  ths  fi  st  exter  tbe  entire  wl 

of  the   Tlewinr    screen.  00 

I  responds   to    .0002   see.    of   elapsed   time. 
distance  i  se  A  t 

t  o-inches/inch  of   strain  and  from  B  t 

represents   1226  Bicro-ir.c>  ies/j 
si*  nee  ox   these  figures  1:  :atical. 

cy  mai  open   ci  y*s  of 


aasplifier    c  ,    if    '  tween   gage 

l«en   i  befo  ■    circuit  was  brok< 

»jr  «ay  represent  residual   strain   in   the  gage 
-  lav  '^   was  ar plied,  te 

less 
-        ;ies   of   strain   a  full   .001  of 
a  second  aft?  the  hammer   is 

tr    >  ej  in  ..e,    or  f. 

jatlon  obs^rvr-.  seem 

rupture  I  Ij  below  £7  fps. 

-er  Is   the  tcore    .  tion.       .    third 

ter native   is   I 

sot  rapid   c-  to  ac  t,race 

The  inertia  o:  Wsr«   however 

stfir.il.    is  finite  and  .1 

it  mav  to   spread  o  he 

;   scale. 
It  ia  l  t  too   :-t/rh  a  value 

amplif ication  vas  us  e 

st  part  of  the  aotual   trace  before  c 
limit  of  amplifier  t.  gain 

sacrifice  ftccur  this 

is  a  factor  -.lrter* 


- 


give  a  visible    tr^ek 
due  eoste  I 

. 

t 
Is  not  c  C,    the  gage  on  I 

gte«l  glvp  noticeable 

Jer  any 
The   c  one   ^iven   Is    figure   (9)    and 

shorn  •   (10)    result 

an  'ion   t  ron   Karm*!  km 

t  of  critical  velocity  for   the  I 
aluminum,       iris  value  is  t  .6  fps.      According 

to    the  theory  susuaarlzed   earlier,    a1   imT^ct 
velocities  T.er    th.  ,  Id 

be  characterized   by  *mall   total    elon^atior . 
Figurss  (11)    and   (It)   tfe  *?ntal 

data  obtained  at  7el0citi.es 

^ater  elongation   t:  der  ctatic  Con- 

di tiona.  is  indicates  a^i  lilt      1 

nsidersble  difference  may  exist  between  hammer 
vel.  on   impact  and    true  velocity  c 

e   sample.      It  la  obvious  that  tms   velor 
the    end   of    the   saw  4      M        fats   fi 

aero    to   %n 


-*t- 


-&£6    O'l    lnstsntsnec 

of   velocity   CRi  be  & 

be  made  If 

Lu.tior  header 

9  Tel 

. 

°3t    IS     t 

I    sample  tested  at   139   1 
I).  e 

away  the  fsoving  end   anrt   hag   i  ^nce 

■  -   "'r  Lalned 

by  the  refleetic  Ition  of  stress 

eavfcb.    Tta  e-neokii  ena  has  been 

.->i  ted   In   previous  wot    . 


3  are  aware   t  le 

i  t   be  bev  li 

number  of  te?  :t  have  fortted.      if- 

cver,  on   seew 

facts  may  be 
used  as  a  basis  i  r   invest! rations. 

I.  i  of  1 

Ll   invar  If   r 

be  etoril  -t  ter 

velocities   tip   to   at  laa  feet  vnr   second. 

e  use  of  an  electric:  e 

:e,    together  eral 

e  FV.-10-  Llegraoh  for  recorllnp   strain 

during  i        it  robabl  1  ted    to   velocities 

under   100  feet  per  d. 

in   the  wore  ductile 

vfcen    1   i  ded   at  hamper   veloc*  T>ps 

ander    3tatic   cot  is. 
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'    Id 
of  into  tvo 

B   perl 
te-  is 

•ther 
to   f  t« 

in   the    I  Bt« 

A.    SU£g<  rig 

atue  are  ar    follows: 

1 .  .  r  #  p  l  n  , 

Le   tor  el    av  le 

aake   cert-  •   finished  product  1b 

treated    to  *een 

■    >  and   * 

2.  Redesign  t  >    ,  ovlde 
for  tbe   '             ic  lo 

dee.".  n    In    ■■♦•-•:re    ( 

r«c(  for 

as  far 
omoer    too    neon. 
oride  lr  ort 


- 


I    i  side   t&  -v-.p.  ti  pser.bly 

ttt*ehed.  9  br? 

i      ~ed   by   tfco   tr  it   turns 

I 

t  lead* 

id  •  ♦  i 

ve   fltuatli 

rieal    trl      for   * 

re 
• 

leads  wi  *  trene   cnre 

sr  or 
^e  M i  -  Id 

leads  ir  a. 

I  stoall      .    .  ted  d 

of  the  main 
used   t  f  rotating 

tod.         If 
talf;fct    be  up 

,      r  in  det 
9.      t'se   3   in'  ;  Itn  for  rec  Low 

ide  for 
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lider  p  sample 

by  nac  I  Tom   tu 

-  9   to 
g  r.rea,  cimeu 

eces? 
ilder,   and  make  it  easier  to 

detect  ^avf.  lomenr,  Mraaslng  iistunce 

between  gages. 

on  reduced    section  of  sample 
i   measure   variations   in   anocin^  after   imp;  r 

setter  ove>  *?»  of   plastic  How 

t    --arts  e   sectic     . 

se  timing  curve  of  a  f r 
I   per  incn   of  rrcor 

ilder  ste  ey  ratio  tv 

eamera  motor   to    carver*  to  obtain    sreed   fTi 
th;  70  ft.    per  minute  wi  ra. 

14.    Um  •itirc  ft  obtain  more 

positive   trac   . 

allowing  settings 
(a)    Attenutttor   settir  on   amplifier  *ep 

strain  record    ».  if   film.  -?teel 

ed  fa^i  use  maximum  ga.li  . 
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1.  ier  a  rota  :^ 

eciaa*  U   a  movable 

fc%JB!B«r     tO 

3  vaa  <i»  described 

■  9  ray  oecilloso  obtain  most 

•ensitivc  retponae  and  eed  notion 

re   camera  for   recor    I        record. 

I    g*£*  signals  on  magnet]        ap  -e 

ler  r  ed   speed  for   iilm 

4.  iment  brittle   lacquer,   determine   its  qu&lit&tiFe 

bilities  in   the  region   |  ttle  >s. 

'<  '  9  camera  on   speolaen 

I    to  determine  m  isn  of  fracture. 

6.    'Revise   rrechar  velocity  rerpus 

■4  fracture.        i      t  be    lone  by  usin*  coll  on 
!  magnetic  field  around  it,    or   by 

r«ua   ti*e.  ia  wo  re  a  d   of 

e   velocity  of  end  eclaen. 
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